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Claims for the following Contracting States; ES + GR. 
@ Nucleotide derrvaUvea. 

@ L-nbofuranosyl nucleoside analogues of the formula 

>3_i 




R> is H, F; R3 is H. OH. F, 
constitute a chemical bond; 
R3 is OH or 



N 3l CN or R 1 and R 2 together 



I 



wherein S is adenine, guanine, hypoxanthtne. 2.6-diammopurine 

or 



r 



i 

OH 



— O-P--O-P-(OH). 




wherein n is 0. 1 or 2, R 4 is OH. NH2, R 5 is H. CH3 or C2H5 with 
certain provisos, m the form of a mixture of alpha and beta 
anomers or in the form of an alpha or beta anomer for use >n 
therapy in pharmaceutical compositions for therapeutic or 
prophylactic treatment of infections caused by HIV-viruses 
nepatitis 9 virus or herpes viruses. 
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Description 

Nucleoside derivatives 



Field of the invention 

5 The present invention relates to novel chemical compounds and pharmaceutical^ acceptable salts thereof 
which can be used m theraphy for therapheutic and prophylactic treatment of the acquired immuno deficiency 
syndrome (AIDS) and infections caused by viruses requiring reverse transcriptase for replication, such as 
human immuno deficiency viruses and hepatitis B virus, and also for treatment of other virus diseases, such as 
those of herpes viruses, diseases which include both common infections and neoplastic diseases, i e. cancer 

10 

Background of the invention 

The effects of viruses on bodily functions is the end result of changes occurring at the cellular and 
subcellular levels. The pathogenic changes at the cellular level are different for different combinations of 
viruses and host cells. While some viruses cause a general destruction (killing) of certain cells, other may 

15 transform cells mto a neoplastic state. 

important common viral infections are herpes dermatitis (including herpes labiahs). herpes keratitis, herpes 
genitalis, herpes zoster, herpes encephalitis, infectious mononucleosis and cytomegalovirus infections all of 
which are caused by viruses belonging to the herpes virus group. Other important viral diseases are influenza 
A and B which are caused by influenza A and B virus, respectively. Another important common viral disease is 

20 viral hepatitis and especially hepatitis B virus infections are widely spread. Effective and selective antiviral 
agents are needed for treatment of these diseases as well as for other diseases caused by viruses. 

Several different viruses of both DNA and RNA type have been shown to cause tumors in animals. The effect 
of cancerogenic chemicals can on animals result in activation of latent tumor viruses. It is possible that tumor 
viruses are involved in human tumors. The most likely human cases known today are leukemias. sarcomas. 

25 breast carcinomas, Burkitt lymphomas, nasopharyngeal carcinomas and cervical cancers where RNA tumor 
viruses and herpes viruses are indicated and papillomas where papilloma viruses are involved. This makes the 
search for selective inhibitors of tumorogenic viruses and their functions an important undertaking in the 
efforts to treat cancer. 

In the late seventies a new disease was reported, which subsequently was referred to as Acquired Immuno 
30 Deficiency Syndrome (AIDS). It is now generally accepted that a retrovirus referred to as HIV (Human 

Immunodeficiency Virus) . formerly known as Human T-ceJI tymphotropic Virus (HTLV-lll) or Lymphadenopathy 

Associated Virus (LAV) plays an essential role in the etiology of AIDS. Different types of HIV have been found, 

such as HIV-1 and HIV-2 and more are likely to be isolated. 
AIDS is characterized by a profound immunodeficiency due to low numbers of a subset of 
35 lymphocyte-T-helper cells, which are one target for HIV infection. The profound immunodeficiency in AIDS 

patients makes these patients highly susceptible to a variety of opportunistic infections of bacterial, fungal. 

protozoal or viral etiology. The etiological agents among viral opportunistic infections are often found in the 

herpes virus group, i.e. herpes simplex virus (HSV), Varicella Zoster virus (VZV), Epstem-Barr virus (EBV) and. 

especially, cytomegalovirus (CMV). Other retroviruses affecting humans are HTLV-I and II and examples of 
40 retroviruses affecting animals are feline leukemia virus and equine infectious anaemia virus. Human diseases 

such as multiple sclerosis, psoriasis, tropical spastic paresis and Kawasaki disease have also been reported to 

be associated with retrovirus infections. 

Hepatitis B virus infections cause severe disease such as acute hepatitis, chronic hepatitis, fulminant 

hepatitis m a considerable number of persons. It is estimated that there are 200 million patients with chronic 
45 hepatitis B infection in the world. A considerable number of the chronic cases progress to liver cirrosis and 

liver tumours. In some cases the hepatitis infections also take a rapid and severe course as in fulminant B 

hepatitis with about 90 °/o mortality. At present there is no known effective treatment against hepatitis B 

infections. The replication of hepatitis B virus is similar to that of retroviruses and it contains the same essential 

virus reverse transcriptase activity. 

50 

Prior art 

A great number of nucleoside analogues exhibit several antimetabolic activities. They do so by substituting 
for or competing with the naturally occunng nucleosides. Recently some nucleoside analogues have been 
described, which inhibit m cell culture the multiplication of human immunodeficiency virus (HIV. also called 
55 HTLV-lll. LAV) the causative agent of AIDS and AIDS-related complex (ARC) The naturally occunng 
nucleosides and most nucleoside analogues described which inhibit HIV multiplication are Deta anomers 
where the sugar nbo'uranose has the D-configuration. 

The synthesis of the compound l^-2'-deoxy-L-undine has been described by A. Holy m Nucleic Acid 
Chemistry Vol 1 (1978) pp 347-353 (Eds L B Townsend and R S Stuart. Wiley. New York N Y ) and by A Holy 
60 m Coil Czech Chem Commun Vol 37 (1972) pp 4072-4087 In this latter publication the syntheses of 
|V2'-deoxy-L-thymidme and |V2'-deoxy-L-cytosme also are described. 

EP-A2-0 285 884 describes a process to produce a- and p-L-2'.3'-dideoxy-nucleosides and their use as 
antiviral and antiobictic agents Said compounds can be represented by the formulas 
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HO 



and 



HO 




B 



wherein B can be adenine, guanine, hypoxanthme. diaminopunne. uracil, cytosme. thymine and 5-ethyiuraal 

Disclosure of the invention *o 
The present invention relates to new L-nbofuranosyl nucleoside analogues of the formula I 

,J_J\ / i 



20 




wherein B is adenine, guanine, hypoxanthine. 2,6-diaminopurine or 
N 



25 



30 



and the radicals R 1 . R 2 , R 3 , R 4 and R 5 are defined as follows: 



R 1 
R2 
R3 



H. F; 

H, OH, F, Na. CN or R 1 and R 2 together constitute a chemical bond ; 
OH or 



35 



0 0 
II II 

_0-pJ. 0 -P-(OH)- 

1 2 
^ OHjn 

wherein n - 0. 1 or 2 ; 
R 4 : OH, NH 2 . 
R 5 : H, CH 3 , C2H5 ; 

with the provisos that when R 1 is H and R 3 is OH, then R 2 must not be H, and further that when in the 0-anomer 
R 1 is H. R 2 is OH and R 3 is OH. B is adenine, guanine, hypoxanthine. 2,6-diaminopurine or 




I 

wherein R* , s C 2 H 5 when R 4 is OH and R 5 «s CH 3 or C2H5 when R 4 is NH 2 , and pharmaceutically acceptable 
salts thereof 

The compounds of the formula I may have the alpha- or the beta-configuration. According to the 
Freudenberg convention (1932) the same configuration at the anomenc center (C-1 for aldoses) and the last 
asymmetric centre (C-4 for pentoses) are termed alpha-anomers. Thus the compounds of the formula I have 
the configuration la (alpha) and lb (beta) 



40 



45 



50 



55 



60 



65 
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R 2 R 1 
la (alpha) 




lb (beta) ; 



Said compounds have been found to inhibit the multiplication of human immunodeficiency virus (HIV) 
The invention also refers to compounds of the formula I 



15 



20 



25 



30 



40 



J5 



50 




wherein B is adenine, guanine, hypoxanthine. 2.6-diaminopunne or 
,4 




35 and the radicals R 1 . R 2 , R 3 , R 4 and R 5 are defined as follows: 

R 1 : H, F; 

R2 : h, OH, F, N 3 . CN or R 1 and R 2 together constitute a chemical bond ; 

R3; OH or 



f f 

Jq-?— 0-?-(CHK 
|tl L 
L OHJn 

wherein n — 0, 1 or 2 ; 

R5; H, H CH3. J C2H5; with the proviso that when R 1 is H. R 2 is H and R 3 is OH B is 



C 2 H 5 




XJ 



,n the form of a mixture of alpha and beta anomers or .n the form of an alpha or beta anomer; and 
:harmaceuticai!y acceptable salts thereof, for use in therapy. 

The compounds of the formula I are useful as therapeutic and/or prophylactic agents in the control and 
veatment of HIV virus infections m man. In a more general aspect, the compounds of the formula I are useful as 
therapeutic and, or prophylactic agents in the control and treatment of infections caused by retroviruses and 
K epatitis B virus m mammals and man. 
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All retroviruses, including HIV, require the enzyme reverse transcriptase n their natural cycle of replication 
Hepatitis B virus (HBV) is a DNA virus with a unique circular double-stranded DNA genome which is partly 
smgle-stranded. It contains a specific DNA polymerase required for viral replication This DNA polymerase also 
acts as a reverse transcriptase during the replication of HBV DNA via an RNA intermediate 

The compounds of the formula I inhibit the activity of reverse transcriptase of retroviruses including HIV 5 
A possible area of use for the compounds of the formula I is for treatment of infections caused by hepatitis B 
virus. 

Another possible area of use for the compounds of the formula I is in the treatment of herpes virus 
infections. Among the herpes viruses may be mentioned Herpes simplex type 1 and 2. varicella (Herpes 
zoster), virus causing infectious mononucleosis (i.e. Epstem-Barr virus), cytomegalovirus and human herpes rj 
virus type 6. Important diseases caused by herpes viruses are herpes dermatitis (including herpes labialis). 
herpes genitalis, herpes keratitis, herpes encephalitis and herpes zoster. 

Another possible area of use for the compounds of the present invention is m the treatment of cancer and 
tumors, particularly those caused by viruses. This effect may be obtained in different ways. 1 e. by inhibiting the 
transformation of virus-infected cells to a neoplastic state by inhibiting the spread of viruses from transformed 15 
cells to other normal cells and by arresting the growth of virus-transformed cells. 

The invention furthermore provides: 
A pharmaceutical composition comprising a compound of the formula I as an active ingredient and a 
pharmaceutical^ acceptable earner, including lipsomes: and 

A method for therapeutic and/or prophylactic treatment of virus infections in an animal or human host in need 20 
of treatment comprising administering an effective amount of a compound of the formula I. 

It is a preferred aspect of the invention to treat infections caused by viruses requiring reverse transcriptase 
for replication, including human immuno deficiency viruses and hepatitis B virus. 

The invention also relates to the use of a compound of the formula I for the manufacture of a medicament for 
therapeutic and/or prophylactic treatment of the acquired immuno deficiency syndrome and infections caused 25 
by viruses requiring reverse transcriptase for replication. 

Preferably they can be used for the treatment of infections caused by HIV viruses or hepatitis B virus. 

Preferred compounds of the formula I 

30 




35 

are those wherein 
fl 1 is H. F 

R 2 is H, F, N 3 40 
R 1 and R 2 together constitute a chemical bond 
R 3 is OH or 



0 
H 

-0-P-OH 

I 

OH 



45 



i e. a monophosphate ester thereof 

R 4 is OH. NH 2 SO 
R 5 is H. CH 3 

Examples of especially preferred compounds are those of the formula I wherein 



55 



60 



65 
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H 


F 


OH 


NH 2 


H 


5 


H 


F 


CH 


NH 2 


CH3 




H 


F 


OH 


OH 


CH 3 




H 


fJ 3 


OH 


OH 


CH3 


W 






OH 


NH 2 


H 








OH 


OH 


CH 3 
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20 Examples of pharmaceutically acceptable salts of the compounds of formula I include base salts, e.g. 

derived from an appropriate base, such as alkali metal (e.g. sodium, potassium, alkaline earth metal, e.g. 

magnesium) salts, ammonium and NX4* (wherein X is C1-4 alkyl). Physiologically acceptable acid salts include 

salts of organic carboxylic acids such as acetic, lactic, gluconic, citric, tartaric, maleic. malic, pantothenic. 

isethionic, oxalic, lactobionic and succinic acids; organic sulfonic acids such as methanesulfomc. 
25 ethanesulfonic, benzenesulfonic. p-chlorobenzenesulfonic and p-toluenesulfonic acids and inorganic acids 

such as hydrochloric, hydroiodic, sulfuric, phosphoric and sulfamic acids. 
Mono-, di- and triphosphate esters of the compounds are also included in the invention. Physiologically 

acceptable counterions of the phosphate groups include inorganic and organic cpunterions. Inorganic 

counterions are for example ammonium, sodium, potassium, lithium, magnesium and calcium. Organic 
30 counterions are derived from non-toxic bases, such as primary, secondary and tertiary amines, including 

naturally occuring amines. Examples of such amines are diethylamme. tnethylamine, isopropylamme: 

ethanolamine. morpholine. 2-diethylammoethanol, glucosamine. N-methylgtucamine, piperazme and dicy- 

clohexylamine. 

In clinical practice the nucleoside analogues of the formula I will normally be administered orally, by injection 
35 or by m'usion in the form of a pharmaceutical preparation comprising the active ingredient in the form of the 

original compound or optionally in the form of a pharmaceutically acceptable salt thereof, in association with a 

pharmaceutically acceptable carrier which may be a solid, semi-solid or liquid diluent or an ingestible capsule. 

The compound may also be used without carrier material. As examples of pharmaceutical preparations may be 

mentioned tablets, dragees. capsules, granulates, suspensions, elixirs, syrups, solutions, liposomes etc. 
40 Usually the active substance will comprise between 0.05 and 20 °/o for preparations intended for injection and 

between 10 and 90 0/0 for preparations intended for oral adminsitration. 
In the treatment of patients suffering from retrovirus, especially HIV, or hepatitis B virus infections, it will be 

preferred to administer the compounds by any suitable route including the oral, parenteral, rectal, nasal. 

topical and vaginal route. The parenteral route includes subcutaneous, intramuscular, intravenous and 
45 sublingual administration. The topical route includes buccal and sublingual administration. The dosage at 

which the active ingredients are administered may vary within a wide range and will depend on various factors 

such as the severity of the infection, the age of the patient etc.. and may have to be individually adjusted. As a 

possible range for the amount of the compounds of the invention or a physiologically acceptable salt thereof to 

be administered per day may be mentioned from about 10 mg to about 10 000 mg, preferentially 100-500 mg for 
50 intravenous administration and preferentially 100-3000 mg for oral administration. 

Compounds of the formula I can cooperate synergistically or additively with a wide range of other 

therapeutic agents, thereby enhancing the therapeutic potential of both agents without adding the toxic 

effects, thus increasing the therapeutic ratio. 
Therefore, a compound of formula I or a pharmaceutically acceptable derivative thereof can be used m 
55 combination therapy, wherein the two active agents are present in a ratio resulting in an optimal therapeutic 

ratio This can be provided either by a synergistic effect against the viral infection and/or by a decrease in 

toxicity while maintaining a therapeutic effect which is additive or synergistic. 
The optimal therapeutic ratio is observed when the two agents are present in a ratio of 500 1 to 1:500. 

preferably 100 1 to 1 100. particularly 20:1 to 1 20 and especially 10:1 to 1:10. 
60 Said combination may conveniently be administered together, for example, in a unitary pharmaceutical 

formulation, or separate'y for example as a combination of tablets and injections administered at the same 

time or at different times, m order to achieve the required therapeutic effect. 

The compounds of the formula I are potentiated by interferons, other antiviral agents such as foscarnet 

AZT ftuorothymidine. HIV protease inhibitors, immunomodulators. mtereron inducers and growth factors. 
65 Particularly preferred types of interferon are ft. \\ and v interferon inducers such as "Amphgen" (Hem 
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Research). 

Other combinations suitable for use according to the present invention include those wherein the second 
agent is. for example, mterleukm II. suramin, fcscarnet esters. HPA 23 inhibitors of HIV protease such as 
pepstatm, steroids, medications such as levamisol or thymosin to increase lymphocyte numbers and or 
function as appropriate, or GM-CSF and other 'actors regulating cell functions 5 

Methods of preparation 

The compounds of the invention may be prepared by general methods, constituting a further aspect of the 

invention. 

Condensing a glycoside as comprised m formula I where the hydroxyl groups may be optionally protected to '0 
the N-1 position of a purine or pyrimidine derivative, according to known methods described in the literature 
Such methods are described for example in "Basic Principles in Nucleic Acid Chemistry". Vol. 1 (Academic 
Press. 1974, Ed. PO.PTs'o), in Nucleoside analogues, Chemistry, Biology and Medical Applications" 
(Pharma Press, 1979. Eds. RT Walker. E De Clercq and F Eckstein) 




20 



Examples of suitable derivatives of the reacting species are those wherein Z is CI. Br, I. acyioxy or alkoxy, R 2 25 
and R 3 is R 2 and R 3 respectively as defined above with the proviso that when R 2 or R 3 is OH said OH must be 
protected as O-acyl, O-benzoyl. O-benzyl or O-silyl (e.g. dimethyl, tert-butylsilyl). The bases B 1 may be 
protected with a silyl protecting group such as (CHabSi and/or with alkyl och acyt protecting groups. The acyl 
protecting groups may be used on amino groups of B and alkyl protecting groups (etherderivatives) may be 
used on carbonyl oxygens of the bases B. After condensation the products may by hydrolyzed or converted by 30 
conventional methods, known to those skilled in the art. into compounds of the formula I. 

The compounds may also be prepared by a general method whereby the 5'-hydroxymethyl function of a 
corresponding nucleoside analogue, having the ordidary D-configuration of the ribose moiety, is oxidized to an 
aldehyde functional group and the stereochemistry at the 4'-position is inverted or racemized. after which the 
aldehyde group is reduced to a 5'-hydroxymethyi function and the nucleoside analogue having the 35 
L-configuration is isolated from thus reaction products. 




40 



45 



50 



wherein B, R 1 and R 2 are defined as above. 55 

This reaction sequence has been described for example by J.G. Moffat in Nucleoside Analogues page 88 ft, 
1979 (Plenum Press, Eds. R T Walker. E. Declercq and F. Eckstein). 

Another method for syntheses of various 2 or 3 substituted L-sugar derivatives is to prepare a 
2.3-annydro-L-ribofuranoside or 2.3-anhydro-L-lyxofuranoside analogous to what has been described for the 
synthesis of 2,3-anhydro-D-nbofuranoside and 2.3-anhydro-D-lyxofuranoside by for example M. Taniguchi et 60 
al m Chem. Pharm. Bull. Volume 22. pages 2318 to 2323,. 1974. The 2,3-epoxides would then be reacted with a 
nucleophiie to introduce a fluorine, azido or other functional group and the newly created hydroxylic functional 
group could be reduced to a hydrogen atom Finally the so created L-furanoside analogue would be 
condensed with a purine or pyrimidine base B whereby all the reactions in the sequence are carried out by 
methods known to those skilled m the arts 65 
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The following examples will further illustrate the invention 

Examole 1 1 -(2 3-Dideoxv-aloha .beta-L-ribofuranosyl) -cytosme 

1-(2 3-D,deoxv-5-O-tert-butyldiphenylsilyl-alpha .beta-L-ribofuranos Y l)-cytos.ne(l70 mg) was dissolved n 2 

5 M sodium hydrox,d¥ (Tml. ethanol-water 1:1) and stirred at ambient temperature for 3 days Th.n layer 
chromatography (TLC. silica, ethylace.a.e-me.hanol 4:1) shows 2 spots. Rf 0 2 and Rf 0 8. for '^unprotected 
mie compound and for the free S.lyl protecting group respectively. Dowex 50Wx8 [pyridimum (2 g) was 
added the solution was filtered and the solvent was evaporated in vacuo. The residue was triturated with 
diethyl ether dissolved in methanol and filtered through a cotton plug. The solvent was evaporated to give as a 

W residue 1-(2 3-d,deoxy-alpha.beta-L-r,bofuranosyl)-cytos,ne (52 mg). The product was a mixture of two 

86 9<d. C-V. a, B): 82.0(d. C-4'. a. B): 63 0(d. C-5". a. B): 32 0(d. C-2'. a. B). 25 5(d. C-3 . a B). 
t5 Example 2 9-(2.3-Dideox y-alpha.beta-L-ribofuranosyl)-adenine 

' 5 T(2 3 D l deox y -5-0-tert-butyld.phenyls.lyl-alpha.beta-L-ribo<u rano S yl)-aden,ne (218 mg) was dissolved ,n 1 
M t- r a butvlammonium"fiu"oride in tetrahydrofuran (1 ml) and stirred at ambient temperature for 1 hour. Th,n 
^: TZZ7^y^ s„ica. ethyl acetate-methano. 5:1, shows 2 spots R. 0 25 and Rf 0 8. for the 
una otected title compound and for the free siiyl protecting group respectively. The solvent was evaporated 
anS the rude product was punfied by chromatography on a small column of s.lica (Merck. Kieselgel 60) 
eluated w„h ethylacetate-methanol 4:1. followed by purification on a reverse phase plate. RP8. to give 
1(2.3 dideox y -alpha.beta-L-r,bofuranosyl)-aden,ne (8 mg). The product was a mixture of two anomers m 

^Sffi rSo^SSS^I*: 153.9(s.): 141AM: 141.3(s); 87.5(d. W. a. B): 83.4(d. C-4'. a, B); 650(d. 
C-5'! o !?")! 33 °5(C L C 2\ a P); 25.6(d. C-3'. a. p). Mass spectrum (Jeo. OX-300/DA 5000. FAB: 6 kV Xe atoms): 
235 1055; CioHi4NsC-2 mass 235.1069. 
The starling materials for the two compounds .n examples 1 and 2 were prepared by the following sequence 

of reactions a-c: 

30 a) i-Acet vt-2.3-dideoxy-5>0-tert-butvldiphenyis ilyl>alpha, beta-L-nbofuranoside 700 
R-v-teri t-Butyld.phenWnyloxymeth yl-Y'butyrolactone (14 9) in dry diethyl etner (300 ml ) was cooled to -78 
C Tnd itiFred wh.le d.isobutylaluminium hydride in hexane (65 ml, 1.1 M) was added over a period of 30 mm. 
Methanol (15 ml) was added and the reaction solution was slowly warming to room temperature. The solution 
extracted with aqueous sodium hydrogencarbonate, dried over magnesium sulfate, and the solvent was 



20 



25 



45 



50 



was 



35 evaporated. The residue was dissolved in dry pyridine, acetic anhydride (about 3 equivalents) was added and 
the reaction solution was heated at 60° C for 4 hours. By TLC (s.lica. ethylacetate-hexane 1.4) a new spot 
appears corresponding to the reaction product. Rf 0.5. The solvent was evaporated in vacuo, the residue was 
dissolved in diethyl ether, and the new solution was extracted with aqueous sodium hydrogencarborate and 
dried (sodium sulfate). The solvent was evaporated to give as a residue i-acet y i-2,3-d.deoxy-5-0-tert-butyldi- 
40 phenylsilyl-alpha.beta-L-nbofuranoside (8.8 g). 

?3 C NMR (Jeol FX 200. CDCI 3 )6: 99(d. C-1, a. 0); 82(d. C-4, a. p); 66(d. C-5. a. B); 32(d. C-2. a. B); 27(s. CH 3 . 
tert-butyl); 25(d. C-3. a, B); 22(s. CH 3 ); 18(S, C, tert-butyl). 



bl 1 -12 3.Dideo xvS-0-terl-butvldiphenylsilyl-alpha.beta-L-rib ofuranosvl)-cytosine 

Cytosme (0.3 g) in hexamethyldis ilazane (4 ml), acetonitnle (4 ml) and chioro tnmethylsilane (0.1 ml) unde 
an a.hmosphere of nitrogen was heated at reflux until a clear so.ut.on had formed (about 15 mm). The solvent 
was evaporated ,n vacuo (1 mm. 40° C) and l.acelyl-2.3-dideoxy-5-0-tert-but y ld,phenylsny.-a P^b^-L- J^ 
furanoside (1.0 g) dissolved in acetomtnle (10 ml) was added. The solution was cooled (0 C) and SnCU (0 29 
ml, in acetonitnle (5 ml) was added during 1 mm. The cooling-bath was removed and the reaction so ution was 
stirred at ambient temperature for 2 hours. By TLL (silica, ethylacetate-methanol. 5:1 ) a new spot w.th Rf 025 
appears, corresponding to the reaction product. Methanol (2 ml) and aqueous ammonia (25 . Wo. 2 ml) were 
added The solvent was evaporated to dryness, the residue was dissolved in ethyl acetate, filtered and he 
olven, was evaporated. Purification by chromatography on s.lica (Kiselgel Merck 60. 15 <>/c methanol ,n e hy 
acetate) afforded i.(2.3-d,deoxy-5-0-tert-butyldiphenyls.lyl-alpha.beta-L-nbofuranosyl)-cytosine (340 mg) as 

" ^C^MRgwIFX 200. CD 3 OD>6: 165 8(s. C-4): 156 2(s. C-2): 140 0(d. C-5. a. 3); 94 1 (d. C-6 «. B); 87(d C-V. 
a. B) 81 6(d. C-4 a. ft) : 65 0<d. C-5'. a. ft): 33(d. C-2'. a. ft) ; 26 4(s. CH 3 . tert-butyl): 25(d. C-3 . a. ft). 18 8(s. C. 
tert-butyl) 



SO c) 9-(2 3-Dideoxv-5-0-tert-butyidiph enylsilyl-alpha.beta-L-nbofuranosyl) -adenine 

The title compound was prepar ed analogous to the synthesis of the corresponding cytosme derivative. 
1-(2 3-dideoxy-5-0-tertbutyldiphenyisiiyl-aipha beta-L-ribofuranosyi)-cytos.ne. The amounts of the various 
reagents are as foliows: adenine (373 mg) heated in hexamethyldisilazane (4 ml), acetomtnle (2 5 mi) and 
chioro tnmethylsilane (0 3 ml) Addition of 1 .acetyl-2.3-dideoxy-5-0-tert-butyld.phenylsilyl-alpha.beta-L-r.bo- 

65 furanos.de (1 0 gi m acetomtnle (5 ml) cooled to -5 C. SnCU (0 29 ml) in acetomtnle (5 ml) 
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The product 9-(2.3-d>deoxy-5'0-tert-butytdiphenylstlyl-aipha.beta-L-ribofuranosyl\-adenine (218 mg) was 
purified by chromatography on silica (10% methanol m ethyl acetate). 

TLC (silica, ethyl acetate-methanol. 9:1) Rf 0 3 13 C NMR (Jeol FX 200, C0 3 OD)6 153 1{s. C-2) 141 0(s. C-8). 
135-125 (SiPh); 87 2 (d. C-V, a, 0); 83 2(d. C-4'. a. 0) 67 0(d. C-5', a. 0). 33 6(d, C-2'. a. \\). 27.6(s. CH3 
tert-butyl); 26 0(d. C-3'. a. 0); 20 3(s. C. tert-butyl) 5 

Example 3 1 -(2.3-Dideoxy-3-fluoro-q-L-ribofuranosylHhymine 

To a chilled solution of 2',3'-dideoxy-3'-fluoro-thymiaine (108 mg. 0.3 mmol) in CH2CI2 (20 ml) at -78 r C. 
DMSO (118 mg, 1 5 mmol) and (CF 3 CO)20 (315 mg, 15 mmol) was added. After 15 mm. the reaction was 
warmed up to room temperature and stirred for an additional period of 2 h. Methanol was added to quench the u 
reaction. Volatile matters were removed in vacuo. The residue was redissolved in dry tetrahydrofurane at room 
temperature and K-tert butoxide (1.1 g, 10 mmol) was added and stirred at 45°C for 2 h under N 2 The reaction 
mixture was then neutralized by addition of 50 % ethanolic-acetic acid. Volatile matters were removed 
completely by co-evaporation with dry toluene. The residue was redissolved in ethanol (20 ml) and NaBhU (756 
mg. 20 mmol) added and stirred at 50° C to give the title compound in a mixture of different products. 75 

Example 4. H2.3-Dideoxy-3-fluoro-0-L-nbofuranosyl)-thymine 

The compound is prepared from 1-(2.3-dideoxy-3-fluoro-a-D-nbofuranosyl)-thymine by a procedure 
analogous to what has been described in example 3. 

This compound can also be prepared starting from t-(2-deoxy- a -D-threopentofuranosyD-thymme. which 20 
first is oxidized to the 5'-aldehyde and isomenzed and then reduced to 1-(2-deoxy-0-L-threo-pentofurano- 
syl)thymine. analogous to what has been described in Example 3. After protection of the 5'-hydroxyl group, the 
3'-hydroxyl group is reacted with diethylamino sulfurtnftuonde (DAST) whereby a fluorine atom is introduced 
with inversion of configuration and the title compound is formed. 

By analogous procedures 1-{2.3-dideoxy-3-azido-0-l-ribofuranosyl)-thymine can also be prepared from 25 
1 -(2.3-dideoxy-3-azido-a-D-threopentofuranosyl)thymine, and 1 -(2,3-dideoxy-3-fluoro/azido-a-L-nbofurano- 
syl)thymine can be prepared from 1-{2,3-dideoxy-3-f!uoro/azido-0-D-threo-pentofuranosyl)thymine. 

Analogously 1 -(2,3-dideoxy-3-azido-a-L-ribofuranosyl)-thymine and 1 -(2.3-dideoxy-3-azido-0-L-nbofurano- 
syl)-thymine can also be prepared from their corresponding a- and (3-D-ribofuranosyl thymine derivatives 
respectively. 30 

Biological tests 

Test I Effect of compounds of the formula I on HIV in H9 cells 

35 

Materials and methods: HIV infection of H9 cells 

H9 cells, 10 5 cells per well on a 24 well plate, suspended in 2 ml RPMI-medium containing 10 % fetal calf 
serum, 100 ug/mi penicillin, 10 ug/ml streptomycin sulfate and 2 ng/ml polybrene are exposed to HIV 
(HTLV-IIIb) and different concentrations of the test compounds. The plates are incubated at 37 C C in 5 % CO2 
for 6-7 days. The contents in each well is then homogenized with a pipette and transferred to a centrifuge tube. 40 
After centrtfugation for 10 min at 1500 rpm the supernatant is removed and the cell pellet is analyzed by fixing 
in methanol on glass plates. Human HIV positive serum diluted 1 80 or 1 : 160 is added and incubated for 30 mm 
at 37° C. The plate is then washed with phosphate-buffered saline (PBS) containing Ca 2 * and Mg 2 * Sheep 
anti-human conjugate (FITC) is added and after a new incubation the plate is again washed with PBS. Contrast 
straining is done with Evans blue and after drying the frequency of HIV antigen containing cells is determined in 45 
a microscope. The test result is shown in Table 1. 

Table 1. 

Concentration (u.M) for 50% inhibition (IC50) of 
human immuno deficiency virus multiplication in 
cell culture 

Compound (code) IC50 uM 

i-(2.3-Dideoxy-aipha.beta-L-nbofu- < 1 

ranosyl)-cytosme 
(VSB 815) 

Table 1 shows that the tested compound is an active inhibitor of HIV virus multiplication. 60 
Test II Cellular toxicity 

H9 cells. 2x10 7 cells per plate, are incubated in RPMM64Q medium containing 10 % fetal calf serum, 70 mg/l 
penicillin. 100 mg/l streptomycin and 10 mM hepes. in absence or presence of test compounds The number of 
cells per plate is determined after 48 h Cells incubated m the absence of test compounds then underwent two 65 



50 



55 
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ceir division cycles. 

F5000 cells, which are human embryo cells. 1x10 s cells per plate, are incubated <n Eagle s minimal essent.ai 
medium supplemented with Earle s salts, non-essential ammo acids. 10 % fetal calf serum, 10 mM hepes. 70 
mg/l penicillin and 100 mg/l streptomycin, in absence or presence of test compounds. The number of cells per 
5 plate is determined after 48 h. Cells incubated in the absence of test compounds underwent one cell division 
cycle. The results are given as o/o inhibition of cell multiplication when the concentration of the compound .s 
100 uM or 250 uM. The test results are given in table 2. 

Table 2. 

10 Cellular toxity on H9 and F5000 cells 



15 



20 



Compound (code) 



o/o Inhibition 
H9 



(Cone. u,M) 
F5000 



1-{2.3-Dideoxy- 35 (200) 55 (100) 

alpha.beta-L-nbofu- 

ranosyO-cytosine 

(VSA 815) 

Table 2 shows that the concentrations at which the compound exhibit toxicity exceed the concentration 
needed to 50 o/o inhibition of HIV multiplication as given in table 1. 



25 Claims 
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1 . A compound of the formula 

-0* 




wherein B is adenine, guanine, hypoxanthine. 2.6-diaminopurine or 

A 

fT 



N 





50 



55 



and the radicals R 1 , R 2 . R 3 . R 4 and R 5 are defined as follows: 
R 1 : H, F; 

R2 : h. OH, F N3. CN or R 1 and R 2 together constitute a chemical bond ; 
R 3 : OH or 



ID 



-;0-P — 0-?-(0H), 



i I 



OH 



n 



60 



65 



wherein n = 0 . 1 or 2 ; 

R 4 OH NH 2 

R 5 H. CH 3 C 2 H 5 i 

with the pro. sos that when R 1 is H and R 3 is OH, then R 2 must not be H. and further that when m the 
[i-anomer R ' .s H R 2 «s OH and R 3 is OH. B is adenine, guanine, hypoxanthine. 2.6-diaminopurine or 
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5 



wherein R 5 is C2H5 when R 4 is OH and R 5 is CH3 or C2H5 when R* is NH 2 . in the form of a mixture of alpha 
and beta anomers or in the form of an alpha or beta anomer; and pharmaceutical^ acceptable salts 
thereof. 

2. A compound according to claim 1 . wherein R 3 is OH. 

3. A compound according to any of claims 1 -2. wherein R 1 and R 2 together constitute a chemical bond. 15 

4. A compound according to any of claims 1 -2, wherein R 1 is H and R 2 is F or N3. 

5. A compound according to any of claims 1 -4, wherein R 4 is NH2 and R 5 is H or CH3. 

6. A compound according to any of claims 1 -4, wherein R 4 is OH and R 5 is H or CHs. 

7. A compound of the formula 



20 




I 



25 



wherein B is adenine, guanine, hypoxanthine, 2,6-diaminopurine or 




30 



35 



and the radicals R 1 , R 2 , R 3 . R 4 and R 5 are defined as follows: 
R 1 :H,F; 

R 2 : H, OH, F, Na, CN or R 1 and R 2 together constitute a chemical bond ; 
R^OHor 




: OHjn 



50 



wherein n - 0, 1 or 2 : 
R 4 : OH. NH 2 ; 

R 5 : H. CH 3l C2H5; with the proviso that when R 1 is H, R 2 is Hand R 3 is OH Bis 



55 




NH. 
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65 
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15 



in the form of a mixture of alpha and beta anomers or in the form of an alpha or beta anomer; and 
pharmaceutical^ acceptable salts thereof, for use in therapy. 

8 A compound of the formula I according to any of claims 1 -6 for use in therapy. 

9 A pharmaceutical composition comprising as an active ingredient a compound of the formula I 
according to any of claims 1 -7 and a pharmaceutical^ acceptable carrier, including liposomes. 

10 A method for therapeutic and/or prophylactic treatment of virus infections m an an.mal or human 
host in need of treatment, comprising administering an effective amount of a compound of the formula I as 
defined in any of claims 1-7. 

11 A method according to claim 10 for treatment of infections caused by viruses requiring reverse 
transcriptase for replication, including human immuno deficiency virus and hepatitis B virus 

1 2 A method according to claim 10 for treatment of infections caused by herpes viruses. 

13 Use of a compound of the formula I according to any of claims 1-7 for the manufacture of a 
medicament for therapeutic and/or prophylactic treatment of the acquired immuno deficiency syndrome 
and infections caused by viruses requiring reverse transcriptase for replication. 

14. Use according to claim 13 for the treatment of infections caused by HIV-viruses. hepatitis B virus, or 
herpes viruses. 

15. A process for preparation of a compound of the formula 



20 



25 



30 



35 




wherein B R 1 . R 2 and R 3 are as defined in claim 1 , by 

a) condensing a glycoside as comprised in the formula I to the N-1 position of a pynmidine 
derivative or to the N-9 position of a purine derivative 




+ B 




40 



wherein Z is CI. Br, J. acyloxy or alkoxy, R 2 ' and R 3 are R 2 and R 3 . respectively, as defined above or 
with the proviso that when R 2 or R 3 is OH then O must have a protecting group, B 1 is B as defined 
above having a silyl, acyl or alkyl protecting group ; or 

b) ox.dizing the 5'-hydroxymethyl function of a D-r.bofuranosyl nucleoside analogue of the formula 

r to an aldehyde 



45 



50 



55 



.2 



,1 




wherein B. R 1 and R 2 are as defined above, inverting the configuration at the 4'-position, isolating the 
L-stereomer and reducing it to the L-ribofuranosyl nucleoside analogue of the formula I. 

Claims for the following Contracting States: GR.ES 

1 A process for preparation of a compound of the formula 



50 



65 
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wherein B is adenine, guanine, hypoxanthine, 2,6-diaminopunne or 
.4 




and the radicals R 1 . R 2 , R 3 . R 4 and R 5 are defined as follows: 



R 1 
R2 
R3 



H, F; 

H, OH, F, N 3 , CN or R 1 and R 2 together constitute a chemical bond ; 
OH or 



f sj 

-n-p-ir 



0 
ii 



: 0-P-fO-P-(OH), 
ill <■ 
■ K OHJn 

wherein n - 0, 1 or 2 ; 
R 4 : OH,NH 2 ; 
R 5 : H.CHa.CaHs; 

with the provisos that when R 1 is H and R 3 is OH, then R 2 must not be H, and further that when in the 
0-anomer R 1 is H, R 2 is OH and R 3 is OH, B is adenine, guanine, hypoxanthine, 2,6-diaminopurine or 



75 
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35 
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wherein R* is C2H5 when R 4 is OH and R 5 is CH 3 or C2H5 when R 4 is NH 2 , by 

a) condensing a glycoside as comprised in the formula I to the N-1 position of a pyrimidine 
derivative or to the N-9 position of a purine derivative 
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55 



R 2 ' R 1 

wherein Z is CI, Br, J, acyioxy or alkoxy, R 2 ' and R 3 ' are R 2 and R 3 , respectively, as defined above or 60 
with the proviso that when R 2 or R 3 is OH then O must have a protecting group. B 1 is B as defined 
above having a silyl. acyl or alkyl protecting group; or 

b) oxidizing the 5'-hydroxymethyl function of a O-ribofuranosyl nucleoside analogue of the formula 
I' to an aldehyde 

65 
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15 



20 



HO' 





wherein B. R 1 and R 2 are as defined above, inverting the configuration at the 4'-position. isolating the 
L-stereomer and reducing it to the L-ribofuranosyl nucleoside analogue of the formula I 

2. A process according to claim 1 , wherein R 3 is OH. 

3. A process according to any of claims 1 -2. wherein R 1 and R 2 together constitute a chemical bond 

4. A process according to any of claims 1-2. wherein R 1 is Hand R 2 is For Na. 

5. A process according to any of claims 1 -4. wherein R 4 is NH2 and R 5 is H or CH3. 

6. A process according to any of claims 1 -4. wherein R 4 is OH and R 5 is H or CH3. 

7 A process according to any of claims 1-6, wherein the compound of the formula I is obtained in the 
form of a mixture of alpha and beta anomers or in the form of an alpha or beta anomer and optionally is 
converted into a pharmaceutical^ acceptable salt. 

8. Use of a compound of the formula 
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wherein B is adenine, guanine, hypoxanthine, 2,6-diaminopurine or 
R 4 

N 



X 



and the radicals R 1 . R 2 , R 3 , R 4 and R 5 are defined as follows: 
R 1 :H,F; 

R 2 : H. OH, F, N 3 , CN or R 1 and R 2 together constitute a chemical bond ; 
R 3 :OHor 



Li! 



0 

it 



Ml 2 
, OHJn 

wherein n - 0, 1 or 2 ; 
R 4 : OH.NH 2 

R 5 : H. CH 3 . C2H5; with the proviso that when R 1 is H, R 2 is H and R 3 is OH B is 
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(-)-B-D-l',3'-Dioxolane guanosine (DXG) and 2,6-diaminopurine (DAFD) dioxolanyl nucleoside analogues 
nave been reported to be potent inhibitors of human immunodeficiency virus type 1 (HTV-1) We have recently 
conducted experiments lo more fully characterize their in vitro anti-HTV.l profiles. Antiviral assays performed 
m cell culture systems determined that DXG had 50% effective concentrations of 0.046 and 0.085 uM when 
Z . U ,w£ BB * ' HIV-1 «n» in cord Wood "ononoclear cells and MT-2 cells, respectively. These values indicate 
that DXG is approximately equipolenl to 2',3'-dideoxy-3'-thiacytldinc (3TC) but 5- to 10-fold less potent than 
} -azido-2 ,3 -dideoxythymidme (A2T) in the two cell systems tested. At the same time, DAPD was approxi- 
mate y S- to 20-fold less active than DXG in the anti-HTV-1 assays. When recombinant or ch.Lu.nanb of 
tuv.i were used to assess the eBicacy or the purine nucleoside analogues against drug-resistant HTV-1 it was 
observed that AZT-resistant virus remained sensitive to DXG and DAPD. Virns harboring a mutaUonfs) which 
onrerred decreased sensitivity to 3TC, 2',3 -dideoxyinosine, and 2,3-did.oiycytidine, such as a «£ 74V S 

DXG Z DAPli ™T 5 , "S i W. (KI) ' ^ hibi,ed a ^ t0 ********** susceptibility to 

uZtix ?^ When . nonn,lcl ^. s « le RT '"^.tor-resistant and protease inhibitor-resistant viruses were 

SSJJ ^rfvr"LT S S T UVity . l °. D . XG ° f DAPD W9$ 0bscrved - In ^8 combination assays 
indicated that DXG had synergist* antiviral effects when used in combination with AZT, 3TC or neviranine 
In cellular toxicity analyses, DXG and DAPD had 50% cytotoxic concentrations of greater than SW SKen 

rinht«b P rf Phera, f r,'^ mononud,! » r ^ ™« a of h«man tumor ^£^3?£Z^£ 

triphosphate form of DXG competed with the natural nucleotide substrates and acted as a chain terminator 

£2K!£T L . d8ta 1 SU «« S * tb i? DXG ^osphate may be the active htal£2S % 

consistent wtth the mechan.sm by which other nucleoside analogues inhibit HTV-1 replicaUon (W res, Ik 
suggest that the use of DXG and DAPD as therapeutic agents for HTV-1 infection sh?md^ «pIor^d. 



Rcvcrsc transcriptase (RT) inhibitors play a cornerstone 
role in the therapy for human immunodeficiency virus type 1 
(HIV-1) infection. Based on structure and mechanism of ac- 
tion these inhibitors can be classified into two major groups, 
nucleoside RT inhibitors (NRTIs) and nommclcoside RT in- 
hibitors (NNRTIs). NRTIs are usually 2\3'-didcoxy deriva- 
tivcs of natural substrates of DNA polymerases. All NRTIs arc 

it^ftaJ 0 ^ * S ' milar 10 inhibit 4(6 RT activ "y (5. 

Lfi-£ l 4^l^-^. , -. fo,,owin 6 ''""cellular conversion to their 
5 -IxiphospHaie-acnvativcs, they bind to RT in competition 
SS * v SUbSrrateS a " d su ^equenay cause chain termina- 
tion through incorporation into the nascent DNA strand 
Uiain termination is caused by the lack of a 3'-hydroxyl motif' 
which is needed to form a 3'-5' phosphodiester bondSm the 

HTwf L if 0 ^ 01 ^Po^ds which specifically inhibit 
^ ■ md . m& 10 a Mrophobic pocket dose to die 

33^ reSUlK 3 * 

haSteS? ,hC a PP earance of arue-«^tant viriTS is an inev- 

retrovnal agents. This ,'s behoved to be caused by both a high 

A™ C °^r PUndin ^ BUlhor - Maflin e "ddrcss: BioChcm Phurmi. 27S 
(<50) 978-6210. Fax: (450) 976-7946. E-mail: gviz@biochemph.rma 



turnover of HIV-l in patients (16, 37) and low fidelity of the 
viral RT (7). To achieve efficient inhibition of HIV-1 replica- 
tion in patients, and to delay or prevent the appearance of 
drug-resistant virus, drug combinations have been used effec- 
tively in treating HTV-1 infection (2, 22). However, recent 
studies have suggested that HlV-1 can become multidrug re- 
sistant under combination therapy, albeit requiring a longer 
time to develop than in asingle-dnig regime (4, 31). Therefore, 
it is still necessary to develop alternate drug combinations for 
the long-term successful treatment of HTV-1 infection. We are 
focusing our efforts on developing new agents which are effec- 
tive against existing drog-resistant virus and can be rationally 
incorporated into combination drug therapy 

In this regard, several groups have recently reported the 
synthesis of pyrimldine- and purine-derived nucleoside ana- 
logues containing a dioxolane sugar derivative, in which an 
oxygen atom .s found at the 3' position of the sugar rin fi (3, 6. 

h^I^'Tt^fT 5 ° f ^ bases have "Wed to 
be potent anb-HTV-l agents (17, 32). In particular, (-)**- 
1 ,3 -dmolane guanosinc (DXG) and (-)-B-D-2,6-<hamiT.o P u- 

vitro (17 32). Followmg oral administration of DAPD to 
woodchucks or rhesus monkeys, plasm, concern^ 3 
DXG are significantly h.gher ihan those of DAPD (23 24) 
These data suggest that DAPD is quickly convent Jmnvr 
in vivo and should be considered IS^rfSw \*£ 5 
the currently approved anti-HTV-l Ldeosidc an^gucs «? 
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lams a dioxolanc sugar motif. Therefore, DXG ar.d its putative 
prodrug analogue represent a novel class of nucleosides with 
potential utility in ami-HIV-l therapy. The present report de- 
scribes our results in further elucidating the mechanism of 
action of DXG and DAPD. In addition, we have examined the 
elTect of these compounds on wild-type (wt) and dnig-rcsisiam 
clinical isolates of HIV-1, alone and in combination with oiher 
NRTIs or NKRTls. 

materials and methods 

Reagents. DXG, DAPD, DXG S'-triphosphau (DX&-TPV (+).fi-i>.y 3'-di- 
QMlnc gwuiosine. and 2\3'<Udeoiry-3'-ihiacytiuirie (3TC) were synthesized « 
rJic-Chern Ph^nna as previously described (3, 32). All of ihc dioroUnyl nedco- 
sidcs were enaolioracrically pure. 3'-Azido.2',3*-didcoxyihymidine (AZT) and 
2 3 -didcoxycyridinc (ddQ were purchased from Sigrna (OA-vUlc Ontario Can- 
ada). Ullnipure nucleoside 5'-iriphojph;uw, 2'-dcoxynuc|e yi ide 5'-tri'phov 
phatcs (dNTPs), Z ^ -diOeoxynuclcoirdc 5 -triphosphate (ilUNTPs) and 
polynudcoid* poly(rA) • olij;o(dT) l2M „ and poly(rC) • oi; g o(dC) l>1B 
purchased from Pharmacia Biotech Inc. (Montreal, Quebec Caniti) AZT 
diphosphate (AZT-TP) and 3TC tripbosphatc (3TC-TPJ were purchased from 
Moravck Biodicnicals, . [^H)dGTP. pHJTTP, and >>*P]ATP *cre opined 
from Du Ponr NEN (Montreal, Ouebec, Canada), [^thymidine wa* obtained 
irom Amcrsham (OiibaUe, Ontario, Canada). Ncvlrapine w M ncncrousJy pm- 
vided by Boehringer-lneclhcim Inc. (Bgrlinpon, Ontario, Canada). 

Cells and Tinutf. Human cord blood mononuclear cell* (CTiMCs) and pc- 
nphcral blood mononuclear cells (PBMCs) were obtained from HlV-l-ncgacivc 
and hepatitis Bvmw-ne K ,uiv C donors (Department of Obstetrics, Jewish General 
Hospital Montreal, Ouebec Canada) and isolated by Fieoll-Hypuque (Pharma- 
cia) d* n 5»ty gradient cenrrifuganon. Cells *crc cultured in RPMI 16*0 medium 
[Ciilsco URLLaboratoncs, Mbrsiisauga, OnUirio, Canada) combining 0.1% (vol/ 
vol) (5 ^ml) phytol\cm;igelutinin (Boehrin|ier Mannheim, Montreal, Quebec 
Canada , 10% fetal calf SBTOm (Flow Laboratories, Toronto, Onurio. Cauda), 
2 mM glutamiDc. 100 U of penicillin per ml, TOO ^ ol streptomycin per ml, and 
15 U of interleukin 2 (Boahringcr Mannheim) per ml. Cells were inculx.Ud ut 

^ £$gT °' s% *** f0f 3 10 4 d;,y5 prior 10 bctn * uW for 

The T-cell line, MT-2. MT-4, w, and Jurkat were obtained from either the 
N^onal Instate* of Health AIDS R^careh and Reference Reagent. (Rode- 
vine, Mo.) or the American Type Culture Collection (Mums, VaA These celli 
were used loT imuviral and cytotoxicity studies and were maintained as suspen- 

Hu^ ft T?nrM^ mcdiU,n conwin| ne 10« fetal calf serum, 2 mM 

B utammj : 100 U of penicUta per ml, and 100 w ot streptomycin per ml. Other 

^-r^Vl Hi ^* 0 ' DU145 ' and Hc P G2 * ^ c obtained from 
2! ^rcrT ^ C<iiIcai ™- "onrul eel] tine, human rici, f.bro- 

O^L^Lj ; ?5 UinCd / TUfn M ' ChcvTCllc < Mc0iil University, Montreal, 
2 m« ' S??f i, >?? e5C ,. 0cte Were U5cd for assays. HSF. HT-10RO. 

c^k l iK' 2 B C SLr^5 U,lU 7 d in minimal ^liaJ medium. MotM 
ceils were cuJrurcd > n RPMI 1S40 medium. 

ft r^r 1 !? 8 m" 3 11,6 rcccmbin * nL "^'1 cJo^c HXB2-D were kindly supplied by 

o^ffio V m n ^T F^F*}* Sil " directcd ^uta^nesis ;« previously 
SSkSt^ i ?' V 1 woUlcs ^ erc obtained by coculiure of peripb- 

teSS? f °? l H V - 1 - tafa « d ind ^«ls with CBMO .nVL, 
propDgatcd on CliMCs , n the absence of drug. n S previoualy descried (28). 

hy^ot^'Sw i anCJ - HTV - 1 DXC and DAPD were aiseied 

^'i vJi l! 1 ?" 150 : ° r cco ^b»n*nt dru K -resistant variant „ n d lo--pa«agc din. 
aSi'^ ta » 1 " d "*f* ^° h ^ «ceiv cd long-term .nti-HTV ^eraw were 
ntuha^S fn r 1 ^^ 1 m eeCtl ° f lwo compound*. Bnefly, ceu7 were 
■ « ?N * ^"n 5 At * roultl P lidt y ^ "Wo- of 0J00S for T<S 
m^^ut ° F m0D0Cyt ^ li i^eccd cells were cultured in the 

S^SS I"'? RT ^ in the ceil culture supernatant. Ail 

SSJSS ^ d ! ^ dU fc ,e ' Wd at ,C4et lw0 independem experiments 
ItSSlf ^^° r 3X0 r? uscd 35 3 COrt ^' ^ «ch experiment. The 
d\c linear portion nf the dose-respoTuc curve. 

ch^r »vJ1,h 5 HIV * 1 "'* J nc combinations were performed hy usin C a 
l 05S , PSTtCr 5^ f ^ e Thi antiviral efbett 

TT^ SkvS* d a «wlinB to die method described by Chou and Tallin (5) 

indir^ X ' ^ 1UC 01 1 mdlCalc * « ^ddiUve effect, a CI value of >1 
R eoD«m and a CI v,l ge of <1 indicates synergic, 1 

JKi^ 5 C iL UlM l0x(c;t y w " — «=d by PH^ ymi dine uptake 
DU.uf ^ST 8, ^ ^thymidine upcaxc experiments MolM ISSS 
DU-145, HcpGZ, and HS5 were ptau;u aT a concentration of 1 x fQ 3 w " if 



cel^ per well (96-well plutcs). Phytohemogglutinin-RtimulaLed PBMG< «ere cul- 
tured at a ccnccniniion cf 4 X If/ per well. Following a 24-h preincubatiop 
period, test compound (m 10 -- to I0~ ic M conccarxaiiom) were added and iUl 
cells were incubated for an additional 72 h. ^thymidine was added during the 
hnal 13-h incubation period. The cells were then washed once with pho*phate- 
bulered saline. trenlcO with trypsin if the cells were adherent, and resuspended 
in wHter (hypotonic ly.^ng ol cells). The cellular cxrraa applied directly to a 
"Wee Harvester 96 apparalus. The 5(1% cytotoxic concentration (CC^) was 
determined by comparing the radioactive counts per roinule obtained from 
drug-iesicd samples to those obtained from Ihc control (untreated) cells. 

In the WST-t staining experiments, cell lines were cultured in RPMI medium 
in 96-^ell plates at a density ol 5 x 10" oclhAvcll. 3MCs were plated at a 
concentration of 0.5 x 10 c /w c tl. Compounds (at 10 -- to \U" 7 M coDccotrntions) 
were added at day zero. Cell viability was asscwed on day 7 by using Ihe VYb"T-l 
reapem (fioehringer Mannheim) In iiccordance *ith the protocol provided by the 
supplier. 

RT inhibition as&ay. wt recombirumt HXV-1 RT wa£ expressed as a MsliUme- 
ug*ed protein in Escherichia coli and punned to 95% homogeneity a$ previously 
described (11, 13). Inhibition of 1UV-1 RT RNA-dcpcndent DNA polymcrd>e 
activity by DXG-TP waa asscwed by employing both homnporymcric and hel- 
cropolymeric RNA tcmplatcs/DNA primers (T/P). The hercropolymcric RNa 
Template (HlV.pDS)^. nicr oligodcAxynucieolide primer (dPR) was prepared 
as described previously (11). The revcrxo transcripiion reaction mixture con- 
tained final concentrations of 50 mM Tris-HQ (pH 7^), 60 mM KCl. 10 mM 
MgCU, 0.1 U of homopolymeric T/P per ml, 5 u.M dNTP substrate or 25 nM 
HIV-PBS/dPR, and 5 nM each dATP. dCTP, dOTP, and UTTP in 100 ul. 
Heiicrion mixturca were Incubated for 30 min at 37*C In Ihc prudence or alisence 
nf ddNTP inhibitori as described previously (11). 

The effect of DXG-TP on RT activity wus also asscascd by using a chain 
tcrmlnaiion/ONTP mccrpo ration assay in which inhibition of nascent DNA syn- 
thesis (chain termination) was monitored based on cDN A synthesis as previously 
described (1, 13), 

Determination of HIV-l RT Reno type. To detenninc the RT genotypes of the 
HIV-1 clinical isolates. proviralDNA of each isolate was extracted from infected 
CD4 * T cells or OlMCs and the complete UT coding regions were amplified by 
PCR as previously reported (10). The PCR produa w W purged and then 
directly sequenced by using primer RTS (5 ' • CCA AAAGTYAAA CAATG G C- 
3 ), which eorrcsponds to ihe 5' portion of the RT codlrtg region (oocieoiides 
2603 to 2621 of HXB2*D coordinates). 

RESULTS 

Inhibition or HIV-1 RT polymerase acthrity by DXG-TP, The 
chemical structures of ^3'-dioxolanylpu^e nucleosides 
DXO and DAPD are shown in Fig. 1. DXG-TP is the active 
antiviral form of DAPD in vivo (23, 24). To better define the 
molecular mechanism by which these nucleoside analogues 
inhibit HIV-l, DXG was chemically converted to its triphos- 
phate derivative (DXG-TP) and tested for its direct effect on 
HIV-1 RT. The inhibitory effect of DXG-TP on HTV-1 RT 
activity was assessed by using various homopolymeric and hct- 
eropolymeric T/P (Table 1). DXG-TP was a potent HIV-1 RT 
inhibitor, with a 50% inhibitory concentration (IC^) of 0.012 
ViM, when using wt HIV-1 RT, complementary T/P poly(rC) • 
oligo(dG), and substrate dGTP (Tabic 1). This value is similar 
to that obtained for ddGTP. Similarly, DXG-TP and ddGTP 
were observed to have the same inhibitory effect on HIV-1 RT 
when the hctcropolvmeric T/P (HTV-PBS/dPR) was used (Ta- 
bic 1). The inhibition of HTV-1 RT by DXG-TP was observed 
to occur via competition with the natural substrate; i.e., the 
higher the concentration of dGTP, the lower the inhibitory 
effect of DXG-TP (data not shown). In addition, as expected, 
DXG-TP did not show any inhibition of JHL1V-1 RT activity at 
concentrations up to 10 when Ihc noncomplementary T/P 
poly(rA) • oligo(dT) was used along with dTTP as the substrate 
(Table 1). 

We also analysed Ihc effect of DXG-TP on HIV-1 RT ac- 
tivity by a chain dongation/terrxiination assay which provides a 
method to directly visualize the incorporation of dideoxymicle- 
otide monophosphates into nascent DNA by monitoring the 
reaction products through polyacrylamide gel electrophoresis. 
It was showed that DXG monophosphate was incorporated 
into the nascent DNA strands and resulted in chain termina- 
tion (results not shown). The pattern of chain tennination 
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(-)-P-D-r,3-dioKolai^e guanosine (DXG) (-)-&-D-2,6-dL\minopurine dioxolaue (DAPD) 

FIG. 1. Molecular itxucturcs of dioxolanylpurines. 



generated by incorporation of DXG-TP into elongating DNA 
strands was exactly the same as that for ddGMP. In general, 
the inhibitory effect of DXG-TF on RT activity in this cell-free 
assay was approximately equivalent to those observed for 
ddGTP and AZT-TP but stronger than the chain termination 
observed for 3TC-TP (results not shown). 

Cellular toxicity. DXG and DAPD, along with 3TC and 
AZT, were also tested for their eHect on cell proliferation by 
measuring (^thymidine uptake and cell tonicity by WST-1 
cell viability assays. DXG and DAPD did not inhibit cell pro- 
liferation at concentrations up to 500 p.M in various cells 
(Table 2). In the same experiments, CC 50 s for AZT and ddC 
were round to be less than 10 u.M. DXG was not toxic to 
human CBMCs (Table 2), MT-2. H9, or Jurkat cell lines (data 
not shown) at concentrations up to 100 u.M by a WST-1 cell* 
viability assay. ] n contrast, the CC 5Q s obtained for AZT and 
ddC in CBMCs were 74 and 29 u-M, respectively (Table 2). 

Antl-HlV-1 efficacy in different cell types. The anabolism of 
nucleoside analogues can be greatly influenced by cell type. 
Therefore, we assessed the anti-HIV-1 activity of DXG and 
DAPD in human CBMCs and a variety of human T-celt lines. 
Adose-rcsponse curve showing the inhibition of HTV-1 ntB in 
MT-2 cells is presented in Fig. 2. The results indicate that the 
activity of DXG is approximately equivalent to that of 3TC but 
is 5- to 10-fold lower than that of AZT. DAPD was approxi- 
mately 10-fold less active than DXG. The EC 50 s obtained for 
the test compounds in primary cells and cell lines are compiled 
in Table 3. 

W v^f° ^Pwcd the antiviral activities of DXG and (+)- 
P-D-1 ,3'-dioxolane guanosine. Our results show that the (+) 
enantiomer (ECso, 0.7 p.M) has less activity against HTV-l™ 
in MT-2 cells than the (-) enantiomer (BC SQl 0.085 \iM). 

suscepubUity of recombinant drug-resish&nt HIV-1 vari- 
ants. Recombinant HTV-1 variants carrying a drug resistance 
rnutauon(s) were employed to test the cross-resistance pheno- 
types of DXG and DAPD in CBMCs and MT-2 cells. All of the 
recombinant vi ra i strain* were derived from HXB2-D. A sum- 



mary of the genetic backgrounds of the variants and their 
sensitivities to the dioxolanylpurinc compounds, 3TC and 
AZT, in CBMCs is shown in Table 4. These viruses contain 
mutations seen for the most common RT inhibitor- and pro- 
tease inhibitor-resistant HIV-1 variants (summarized in refer- 
ence 29). The variants of HIV-1 carrying 2' T 3'-dideoxyinosinc 
(ddl), ddC, or 3TC resistance mutations (ix., 65K, 74V, and 
1S4V substitutions, respectively) in the RT gene had minimally 
(two- to fivefold) decreased sensitivity to DXG and DAPD 
compared to the wt HXB2-D in CBMCs (Table 4). Similar 
results were obtained when the recombinant viruses wcTe 
tested in MT-2 cells (data not shown). In addition, the variant 
bearing mutations 41L, 215Y, and 184V had approximately a 
twofold-decreased sensitivity to DXG, which was similar to 
that of the 184V single-mutant recombinant. This variant had 
high-level resistance to 3TC but increased sensitivity to AZT 
(36). 

In contrast, AZT-resistam vims, carrying multiple substitu- 
tions (41L, 70R, 215Y, and 21 9Q) in its RT gene, remained 
completely sensitive to DXG and DAPD in CBMCs (Tabic 4) 
and MT-2 cells (data not shown). In addition, the dioxolanyl 
nucleoside analogues were effective against NNRTI-rcsistant 
(EC 5n = 0.05 \xM) and protease inhibitor-resistant (ECs 0 ** 
0.12 to 1.37 \lM) variants (Table 4). 

Susceptibility of HIV-1 clinical isolates. The sensitivity of 
viruses found in clinical isolates to antiviral chemotherapy 
might be quite variable due to the presence of quasispecies. In 
addition, HIV-1 isolates obtained from patients receiving long- 
term antiretroviral therapy might behave differently from 
cloned viruses containing genetically engineered mutations in 
the RT gene. For these reasons, clinical isolates of HTV-1 from 
antiviraJ-agent-naive and drug-lrcatcd patients were assayed in 
CBMCs for their sensitivity to DXG and DAPD. A summary 
of the recent therapy histories of the patients from which the 
HIV-l isolates were obtained, the RT genotypes of the iso- 
lates, and their sensitivities to the various anti-HTV agents is 
presented in Table 5. 



TABLE 1. Inhibition of HTV-1 R'f by DXG-TP and other ddNTPs 



Template • pri mer Substrate . lC *» (|kM) ot 

— , „ EXG-TP ddGTP ' dm?" 

SBS"«S35S^" dGTP " " 0-012 ±0.002 0.011 ±0.0007 



poly(rA) • ciWdT)^" ^ u.™.0 0 2 0.011 ±0.0007 w 

Hw-PBs/dPR^^ S5r ao^lU o.o74?o.oo, °- 024 ^ 

• tk*' £ 01 dctcrniinc4 ■ " " ~ 

* pllfk £552 f° DCC °ttation of inhibiioi- used in the inhibit** jcuidy was io M 
EachdmTCuvvTP.dC^dGTP.anddTT^wasatSuM. 
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TA3LE 2 EfTccL of nucjcoside analogue* on cell proUfcrUior 



Ceils 



pU]lhymidmc uptake [CC, k , (^M)] c ' 



DXG 



DAPD 



A2T 



JJC 



PBMC 


>50D 


>500 


>500 


9 


35.5 


MolM 


>50(l 


>500 


ND C 


3 


2 


HT-ioao 


>500 


>500 


>500 


5 


2 


HcpG2 
DU145 


>500 


==500 


350 


3 


7 


>500 


>500 


>500 


>10 


5 


HSF 


2:500 


>500 


400 


>10 


7 


CBMC 


>100 


>100 


ND 


74 


29 



" The highest conccnuacioos of DXG and DaI'D used in These studies v* ere 
500 jjlM id pH]thyrnidinc uptake and 1D0 p.M in W'ST-1 sunning. 
11 ND, not determined. 

f CCjos tor CBMC were obtained by WSTO suiting. 



TABLE 3. IfJiibilory effects of nucleoside analogues on 
H1V-1 replication - 



Cells 



EC, U (u.M) n of: 



DXG 



DAPD 



3TC 



AZT 



CBMC 0.046 i 0.017 

MT-2 0.OS5 * 0.026 
MT-4 0.051 
Jurkai 0.34 
m 0.06 



0.97 ± 0.092 
0.54 ± 0.29 

0.94 

1.37 

0.075 



0.023 2 0.011 
0.091 ± 0.08 

0.056 

0.53 
ND C 



U.0U51 ± 0.003 
0,0070 = 0.0044 
0.008 

o.on 

0.041 



* All assays were performed with laboratory seraui Hiv-i^. * 

* The values presented arc the means z standHTd deviations of data frnm at 
least three experiments performed in duplicate. Values wiihuut standard devia- 
tions arc the averages of data from two indepec deru c*pcTuheni$ conducted in 
duplicate. 

c ND, not determined. 



Four isolates (no. 3887, 4246, 4877, and 4526) were sensitive 
to AZT and/or 3TC or had marginally decreased sensitivity 10 
one of these two drags compared with recombinant variants 
(Table 4). Using these four isolates, the EC 50 s obtained for 
both DXG and DAPD (Table 5) were comparable to those 
observed with the wt strains H1V-1 1UW and HXB2-D assessed 
in CBMCs (Tables 3 and 4). 

Isolates 3350 and 4205, obtained from patients who had 
received 3TC therapy and carried the 184V mutation, were 
3TC resistant and AZT sensitive. These 164V mutant isolates 
had an approximately fivefold-decreased susceptibility to DXG 
compared to the 3TC- and AZT-sensitive isolates (Table 5). 
This was consistent wuh the results obtained with the recom- 
binant variants (Table 4). 

Clinical isolate 4242, obtained from a patient treated with 
AZT, exhibited decreased sensitivity to AZT but remained 
sensitive to DXG, DAPD, and 3TC The NNRTI -resistant 
strain 4924, isolated from an individual undergoing AZT thcr- 
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25 



0 J 











IJA pd 








~ O— ACT 
-0-3TC 












0 0.01 


T ■ 

0.1 


1 


to 



Compound concentration (fiM) 

HC. 2, Dose-rctponsc carve of inhibition of HTV-1 replication MT-2 tells 

c^ls w°£ «hld^H " St a ****** « inl « li0 " orOLOW. The infected 
S ™ ur " d ' 1 " he , P^ 5 " 1 " 01 Vi,rlouS concentrations of antiviral com- 

vu-erfient of HTV-i RT aetrv.ry in the culture supemaum* i«ribed in 
dliTi'^i Mcl ^ 0ds - Dau afc cxprcwed m me sM J_ standard dcvialmm of 
1 l Tn ;,t Ic ™ nvt separate cxperimcnu, each performed in duplicate 



apy, had an EC 50 fOT ncvirapine of >10 y.M but was sensitive 
to the dioxolane nucleoside analogues (Tabic S). The protease 
inhibitor-resistant isolate 4833 was obtained from an individual 
who had received 48 weeks of saquinavir therapy. This isolate 
exhibited a 20-f old-decreased sensitivity (EC S0 = 0.11 u.M) to 
the protease inhibitor compared with the baseline isolate, 4526 
(EC 50 = 0.0063 u,M). The 4833 isolate remained sensitive to 
the dioxolanyl compounds (EG^ = 0.17 u.M for DXG and 0.63 
u.M for DAPD) (Table 5). 

Anti-HIV drug combination effects. The antiviral efficacy of 
DXG against rUWl JUO was assessed in combination with 
AZT, 3TC, ox ncvirapine in CBMCs. The CIs of DXG in 
combination with the approved anti-HTV-1 agents are summa- 
riicd in Tabic 6. The CIs were calculated at several different 
effective concentrations (ECj 0 > fi C7s> and ECjo) and in differ- 
ent molar ratios of the combined drugs. The CIs obtained were 
between 0.4 and 0.9 in the case of DXG combined with either 
3TC or nevirapine, which suggests that DXG had moderate 
synergy with these two agents. However, DXG demonstrated 
greater synergy with the thymidine analogue AZT, with Cls 
between 0.3 to 0.8 at the ECjp and less than 0.3 at. higher 
effective concentrations, which indicates a Strong synergy. 

DISCUSSION 

The dioxolanyl guanosinc analogues DXG and DAPD were 
previously reported to possess anti-HIV and anti-hepatitis B 
virus activities (17, 30, 32), In this article, we present an ex- 
panded and detailed evaluation of antiviral and biochemical 
characteristics of DXG and DAPD. 

In vitro antiviral assays demonstrated that both DXG and 
DAPD had very promising anti-HJV-l activity in the various 
types of ceils tested. Comparison of the (-) and (+) enan- 
tiomcrs of &-r,3'-dioxolanc guanosine showed that both were 
effective inhibitors of HIV-l, but the (-) enantiomer, DXG, 
displayed approximately 10-fold higher activity. Generally, the 
anti-HIV-l activity of DXG was at the same level as that 
observed for 3TC in our assays but was 5- to 10-fold less than 
that of AZT. In vivo, DAPD is quickly and efficiently converted 
into DXG after either oral or intravenous administration to 
^odchueks or rhesus monkeys (23, 24). This biotransforma- 
tion is believed to be a deamination process catalyzed by a 
ubiquitous enzyme, adenosine deaminase. In our experiments, 
DAPD had consistently lower anii-HIV activity than DXG. 
These results were consistent with previous reports lor the 
antiretruviral effects of these two dioxolanylpurine nucleoside 
analogues (17, 32). The relatively low anti-HIV-1 activity of the 
putative prodrug, DAPD, in cell culture may reflect lcss-cE- 
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.ABL£ 4. Effect of DXG and DAPD on recombinant drug-resistant wins of HIV-1 



Recombinant vai ianr' 



Resistant ti\ 



DXG 



HXB2-D 
65 R 
74V 
134V 

4iL 7UR 215Y 219Q 

41L215Y 184V 

106A191C* 

10R 401 G3F 82TS4V' 



ddl, dclQ 3TC, PMEA-' : 
ddl 

3TC, ddl. ddC 

AZT 

,VTC 

NNRTLs 

Proieasc inhibitors 



0.21 

1.2 

1.3 

0.44 

0.24 

0.41 

0.05 

0.12 



* The recombinant viruses weve wt :ind mutants harboring the indicated substitution (i) in the 11*1". 
6 Value* arc the average* of data from fwo independent experiments performed in duplicate. 
' The highest concentration of 3TC used in ihese is&ays wai 50 p.M. 
4 The EC au for nevirapinc wa_« >10 ^M. 
4 ND, not determined. 

f Pro tease genotype; the ECj 0 for saquinavir was (J.U75 vM. 
s PMEA, ^(2-phosphonylmethoxyethyl)adenine. 



EC,,, (^M) in CBMO" 



DAPD 



.1.1 

0.5 

6.6 

2.1 

1.25 

2.3 

ND' 

1.37 



3TC 



0.041 
0.36 
0.12 
>S'J 
0.062 
>50 c 
NO 
ND 



AZT 



0.O041 

0.003 

0.006 

0.0027 

0.082 

0.0O6 

0.03 

0.0032 



cicnt metabolic conversion into the active form, DXG. This 
docs not necessarily indicate that this compcund has less anti- 
HIV-l activity in vivo. From a pharmaceutical point of view, 
DAPD might be cquipotcnt to DXG in vivo. The ultimate 
choice of compound lo advance into human therapy would be 
dependent on other parameters, such as oral bioavailability 
(23, 24). ' 

The appearance of drug-resistant virus following prolonged 
administration of antiviral agents is a major obstacle for the 
therapy of HIV-1 infection. Therefore, we conducted antiviral 
assays to elucidate the cross-resistance profiles of the novel 
dioxolanylpurirjc analogues. Using recombinant and clinical 
drug-resistant HTV-l variants carrying the most common RT 
inhibitor resistance-related mutations, il was demonstrated 
that DXG and DAPD possess marginal cross -resistance with 
3TC (Tables 4 and 5). Our results show that HIV-1 strains 
carrying 65R and 74V substitutions in their RT genes had 
approximately fivefold-reduced sensitivity to the dioxolane 
compounds, which is consistent with previously reported values 
(19). However, both DXG and the DAPD retained their po- 
tency to AZT-resistam, NNRTT-rcsistant, and protease inhib- 
itor-resistant HTV-l variants. These data suggest that DXG or 
DAPD eouid be used as an alternative drug for the treatment 
of HTV-l -infected individuals who have developed tolerance to 
currently approved drug regimens. 



Combination therapy has proven lo be an exciting approach 
to combat HIV-1 infection. Combination therapy increases the 
therapeutic efficiency of anu-HJV agents and delays or pre- 
vents selection of drug-resistant virus. Combination profiles 
with approved anti-HAV-1 agents have become an essential 
prerequisite for new drug candidates. DXG showed syne rev 
with the NRTIs AZT and 3TC and the NNRTI nevirapine 
(Table 6). These data suggest that the combination of DXG 
with approved anti-HIV agents in the treatment of HTV-l 
infection could have increased clinical benefits. Previous re- 
ports have demonstrated that the mutations 65R, 74V, and 
184V in HTV-l RT, which confer minimal cross-resistance to 
DXG and DAPD, can revert AZT-resisiant virus to AZT sen- 
sitivity (19, 35, 36). The strong in vitro synergy of DXG and 
AZT, combined with the increased sensitivity of the AZT drug 
resistance phenorype, indicates a potential benefit for a DXG 
and AZT combination. 

The guanosine analogue dideoxyguanosine displays excel- 
lent anti-HTV activity in vitro. However, il was never developed 
into an antiretroviral agent because of it* high cellular toxicity 
DXG and DaPD had relatively low cellular toxicity to human 
primary cells and a variety of established normal and tumor 
cell lines. Neither compound showed significant inhibition of 
cellular DNA synthesis or cell proliferation, and both were 
found to be much less toxic lhan AZT or ddC (Table 2) 




against isolate 
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TABLE 6. EHecb of combination of 


DXG with 






anircTTovinl agents 






Dru^ combination ;mc 


a- in CaMO 


;l inhibition 


level of: 


molar r.itlo 


EC S0 




EGop 


DXG and AZT 








10:1 


0.61 


0.27 


0.12 


20:1 


0.57 


0.29 


0.15 


40:1 


0.67 


0.30 


0.14 


DXG and 3TC 








1:1.6 


0.79 


0.59 


0.47 


1.25:1 


0.82 




0.46 


25:1 


0.74 


0.52 


0.42 


DXG and ncvirapinc 








1.25:1 


0.88 


0.&5 


0.52 


15:1 


0.90 


0.S4 


0.52 


5:1 


0.87 


0.54 


0.38 



° CIr *uc analyzed by the method described by Chou and Tnlalay (5) nnd 
calculated by using CakuSyn software (Biosoft Cambridge. United Kingdom). 
CI values of 1. <1. and >1 indicate additive, synergistic, und antagonistic ejects, 
respectively. 



Our RT enzymatic analysis elucidated that DXG-TP, the 
putative active intracellular metabolite of DXG and DAPD, is 
a competitor ot* the natural substrate deoxyguanosine (Tabic 1) 
and a DNA synthesis chain terminator (data not shown). Sim- 
ilar lo other nucleoside analogues (9, 11, 13), DXG-TP inhibits 
HIV-1 in vivo by competitively inhibiting the binding of the 
natural substrate dGTP to the HIV-1 RT. DXG-TP is incor- 
porated into the nascent DNA strand, resulting in chain ter- 
mination. 

In summary, the diaxolanylpurine analogues DXG and 
DAPD are distinct from the related nucleoside analogue 
didenxyguanosine in that they axe selective inhibitors of the 
viral polymerase and have relatively low cellular toxicity, yield- 
ing a large selective index These novel guanosinc analogues 
have potent annxctroviral activity against both wild-type and 
drug-resistant HTV-i variants, as well as synergistic activity 
when tested in combination with approved anti-HTV-1 agents. 
Thus, these observations suggest that the hetcrosubstituted 
guaoosine analogues have potential as anti-HfV-1 drug candi- 
dates. 
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